There are several nutrients found to be inadequate in the American diet, but fiber deficit is one of worst. Nearly all Americans fall short in meeting daily fiber recommendations, on average missing target intakes by nearly one-half. This alarmingly low intake has important implications for public health, given the established role of fiber in health promotion and disease risk reduction. The fiber deficit persists despite efforts to promote greater intakes of fruits, vegetables, legumes, and whole grains. However, these approaches also need to address energy balance and the problem of overconsumption of calories. As reported in parts 1 and 2 of this series, whole grains are positioned in dietary guidance as an important source of fiber, and consumers are choosing these foods with the expectation of getting a good source of fiber, yet the amount of fiber in whole-grain products can vary widely. This article will explore the role of fiber added to food as a complementary tactic to help improve intakes of total fiber without adding unnecessary calories. Nutr Today. 2013;48(4):168Y173 T he 2010 Dietary Guidelines for Americans (DGA) recognize that intakes of traditional fiber sources, including fruits, vegetables, and whole grains, continue to fall short of recommended daily amounts. 1 In fact, more than 99% of Americans are not consuming the recommended daily amount of whole grains, and only about one-quarter are getting the recommended amounts of fruits (29%) and vegetables (25%). 2 This translates to an average intake of only 15 g of fiber per day, far less than the recommended 21 to 38 g of fiber per day for most adults and 19 to 38 g of fiber per day for children aged 1 to 18 years. 3 Given this gap, fiber continues to be highlighted in dietary guidance. Fiber was emphasized in the 2005 DGA as part of the recommendation on ''food groups to encourage,'' and in the 2010 DGA, dietary fiber was noted as 1 of 4 nutrients with current intakes low enough to be of public health concern for both adults and children. 1 Fiber's compelling association with reducing the risk of type 2 diabetes and coronary heart disease, as well as its role in promoting healthy laxation and contributing to satiety and weight management, reinforces the fact that widespread inadequate intake of fiber requires immediate attention. At the same time, there is rising concern about the weight and health status of Americans. The 2010 DGA places greater emphasis on controlling calories to manage weight while making choices to support increased intakes of fiber and other nutrients of concern.
1 This creates a significant challenge for health professionals to help raise current levels of fiber consumption without increasing calories. As summarized in part 1 of this series, whole grains are positioned in dietary guidance as an important source of fiber, along with fruits and vegetables, yet the amount of fiber in whole grains and products promoting their content can vary widely. This fact, combined with consumers' fiber expectations from whole grains and the need for regulation of whole-grain label claims, addressed in part 2, suggests that other options should be explored to help bridge the fiber gap. In addition to emphasizing higher fiber choices within the fruit, vegetable, legume, and wholegrain categories, adding fiber to commonly consumed lower-fiber grain foods is a strategy that may prove to be practical and calorie efficient in raising fiber intakes. This article will take a closer look at the role of different types and sources of fiber added to food as contributing to improved intakes of total fiber. Because current intakes of fiber fall far short of recommendations, other solutions must be explored. Innovations in fiber use and palatability may help consumers improve fiber intakes through a wider variety of fiber-containing food options.
THE TOTAL FIBER PACKAGE
Fiber is commonly considered to be obtained by eating foods that contain fibers naturally intact in the plant matrix, which includes cereal brans, nonstarch polysaccharides (eg, cellulose, pectin, gums), plant carbohydrates (eg, inulin, fructans), lignin, and some resistant starch. 3 It is well accepted that these different fibers have unique properties and varying functions in the body. In addition, there is growing recognition of beneficial physiological effects obtained from other nondigestible carbohydrates that may be added to food as an ingredient. This may include intact fiber that is derived from whole grains (eg, wheat bran), fruits, vegetables, legumes, nuts, and seeds; fiber modified from traditional sources (eg, fructooligosaccharides, or FOS, from inulin); or fiber produced from other ingredients such as corn or wheat. Fiber is not a single chemical compound, but a range of compounds resistant to human digestive enzymes. Despite greater understanding of the properties, functions, and physiologic effects of various types of fiber, there is no single definition for fiber that is in use worldwide. A consistent characteristic across many definitions is the classification of fiber as a carbohydrate that is undigested in the small intestine and that exerts beneficial physiological effects. However, definitions differ in how they address the chemical and physical properties of fiber. Sidebar 1 presents examples of several definitions of fiber in current use. To address varying types of fiber, the Institute of Medicine (IOM) created a definition based on whether or not the fiber is intrinsic and intact in plant foods. 3 The intrinsic and intact fibers were termed dietary fiber, which by definition would include fibers such as wheat bran that is naturally occurring but may also be used in other foods as an ingredient. Functional fiber, also referred to as novel, isolated, or added fiber, includes fibers extracted from other sources or synthetically derived and added to foods and that demonstrate a beneficial physiological effect in humans. According to the IOM, regardless of whether fiber is intrinsic in food or added, both types of fiber are components of the total fiber package, referred to as total fiber. 3 The Adequate Intake level established by IOM is based on total daily fiber intake and does not differentiate between dietary or intrinsic fiber and functional fiber.
UNDERSTANDING THE ROLE OF FIBER ADDED TO FOODS
There is significant scientific evidence that fiber added to food confers similar benefits as intrinsic fiber. In fact, most clinical intervention studies of fiber's physiological benefits have been conducted with isolated fibers rather than whole, fiber-containing foods. 3, 4 Nondigestible fibers, whether intrinsic or added to foods, share a common feature within the intestinal tract; that is, they pass undigested to the large intestine, where they are available for fermentation by the bacteria. In 2010, the International Life Sciences Institute sponsored a session at the Ninth Vahouny Fiber Symposium with the objective to build consensus among the scientific community on what constitutes a physiological health benefit of fiber.
5 Sidebar 2 highlights a core list of beneficial physiologic effects agreed upon by participants at this symposium and other proposed benefits that received support but may require further study. The specific beneficial outcomes of different fiber types were acknowledged as contributing to the overall benefits associated with total fiber intake. This growing recognition of the positive health benefits of varying types of fibers has contributed to their greater use in the food supply.
4 Table 1 outlines the demonstrated effects and primary sources of various fibers currently being used in foods. Many types of fiber can be added to foods with minimal perceptible effects on taste.
Certain fibers not only deliver physiological benefits but also possess other functional and nutritional characteristics. For example, inulin and oligofructose not only serve as prebiotics that stimulate the growth and/or activity of friendly bacteria but can also be used to replace fat and sugar in food products, thereby helping to lower total energy of a food while increasing its fiber content. 6 In addition, these fibers may help to improve mineral absorption from the digestive tract, such as calcium, which is particularly important among adolescents and postmenopausal women. 6 The IOM acknowledges that getting fiber from a variety of sources to increase total fiber intake offers differing health benefits specific to each source. Adding specific types of fiber to food products is not a new concept. Oat fibers, beta-glucan, psyllium, and other types of fiber have been used in breads, ready-to-eat cereals, and cereal bars for years. In fact, the Food and Drug Administration allows an on-pack health claim that highlights the role of foods containing beta-glucan and psyllium, whether naturally occurring or added, in reducing the risk for cardiovascular disease. 7 This illustrates the targeted use of adding fiber to foods to obtain a specific physiologic benefit. However, dietary guidance on fiber often neglects added fiber and focuses primarily on increasing intake of plant-based foods with intrinsic fiber, including fruits, vegetables, legumes, and whole grains. As a result, the role of foods with fiber added in health promotion is poorly understood by both health professionals and consumers.
Health Professional Perceptions of Adding Fiber to Food
To explore the understanding and perceptions of added fiber, an online survey of 150 registered dietitians (RDs), screened from both general practice and medical specialty practice groups, was conducted in August 2010 by the Kellogg Company. The participants were in practice for an average of 10 years and worked in a broad range of practice settings, including hospitals, foodservice, government, community, research/academia, private practice, food retail, and schools. In general, fiber was broadly perceived by RDs as an underconsumed nutrient of concern with a resulting negative impact on human health. A significant proportion of RDs reported spending ''some'' or ''a lot'' of time communicating about the importance of increasing fiber intake. Other key observations included the following:
& Obtaining fiber from natural, whole food sources was the preferred option for addressing the fiber deficit. However, RD respondents were generally supportive of fiber added to foods. & About two-thirds of survey respondents perceived foods with fiber added as playing a positive role in addressing the fiber deficit. The remaining RDs noted lack of confidence in the benefits of fiber added to foods. These perceptions were driven by concern about processed foods' healthfulness and the belief that added fibers are not equivalent to natural sources of fiber in offering the same benefits. & The level of acceptability of fiber added to specific foods was strongest for traditional sources of fiber, including bread, cereal bars, and ready-to-eat cereals.
Overall, interest in and support for foods with fiber added was largely driven by the need for palatable fiberadded foods and less by the benefits delivered by fiber, confirming that taste is a key factor for RDs in recommending foods with fiber added. The findings also suggest the need for additional research and education regarding the benefits, including caloric efficiency, delivered by added fibers within a range of food sources. In addition, it was evident that education on the characteristics, uses, and health benefits of added fibers will be fundamental to broad-based acceptance with guidance on how to educate consumers about the use of foods with fiber added.
PRACTICAL IMPLICATIONS OF ADDING FIBER TO FOODS
Current recommendations to increase fiber intake pose a challenge to consumers who must manage calorie intake while maximizing nutrients, including fiber. As discussed in part 1, a modeling study that simulated various approaches to increase fiber in Americans' diets found that increasing consumption of only whole-grain foods to the recommended levels has the potential to help adults increase fiber intake, but the caloric cost may be significant. 8 Using intake data obtained from National Health and Nutrition Examination Survey 2003Y2006, this modeling study also measured the effects on total calories when intake of all fiber-containing foods increased, including fruits, vegetables, and grains, and the effects of adding fiber to grain foods that are low in fiber. When amounts of fiber-containing foods were increased incrementally from 10% to 100%, fiber intake ranged from 16.9 to 28.5 g/d, whereas energy intake increased by up to 1042 calories per day. 8 Alternatively, adding 2.5 or 5.0 g of fiber per serving to grain foods low in fiber resulted in average fiber intakes of 24.7 and 39.1 g/d, respectively, with a modest or no increase in energy intake. 8 This was based on the assumption that fiber tends to displace other digestible nutrients, such as fat, when fiber-added versions of foods are formulated. For some foods, however, this assumption may not hold true. Simply increasing intakes of all fiber-containing foods may indeed help close the fiber gap, but it will be at the cost of additional calories. Therefore, adding fiber ingredients to increase the fiber content of select foods, while emphasizing consumption of higher-fiber fruits, vegetables, and grain products, may be a practical solution to help bridge the fiber gap, without significantly increasing calories. As presented in part 2, consumers associate grains with fiber, and they are choosing products containing whole-grain label statements with the expectation of getting sufficient fiber in their diets. However, products with whole-grain claims supply varying amounts of fiber; in fact, many supply less than that defined as a good source of fiber. Adding fiber to foods that consumers expect to contain fiber, such as breads, cereals, cereal bars, and crackers, is a logical approach to increasing fiber intake. Research on consumer acceptance and use of nontraditional foods with added fiber, such as yogurt, cheese, and beverages, is needed to determine if these foods are suitable and effective vehicles for delivering fiber. Fiber amounts in food items less than 0.5 are not indicated but are reflected in the total fiber calculation. c Although the typical consumer may not make all of these changes, recommended total fiber of at least 25 g/d for women can be achieved by making just 2 to 3 small changes. For example, choosing a higher fiber cereal and substituting a fiber-added product, such as a cereal bar, will increase fiber in this menu to 26 g while maintaining energy intake at less than 1600 calories. d Assumes a product with a minimum of 3 g of fiber per serving (''good source'' of fiber).
Small-Step Substitutions
The approach of encouraging ''small-step'' changes in food choices has been proposed to help consumers move toward meeting recommended dietary patterns. This strategy can also be applied to increasing fiber intakes. To illustrate how small changes to typical eating patterns of men, women, and children can have a substantial impact on daily fiber intakes, sample menus were developed to represent the usual daily diet of specific target groups, modeling average fiber intakes at various energy levels. The menus highlighted foods actually consumed by Americans, as obtained from the NPD Group's Nutrient Intake Database and National Eating Trends database, to illustrate the most relevant small step opportunities for increasing fiber. Small-step examples included switching typical food choices with similar options that provide at least a good source of fiber, including products with fiber added. For example, Table 2 illustrates a typical menu for a woman eating approximately 1600 calories with 13 g of fiber. Several examples of menu changes are indicated to help raise the fiber content of this menu. As few as 2 small changes in this menu, such as choosing a higher-fiber cereal at breakfast and replacing cookies with a cereal bar with added fiber, can result in a net increase of 13 g of fiber while maintaining calorie intake. Menus that mirror typical eating habits but highlight changes in food choices that provide at least a good source of fiber can be used as educational tools to illustrate how to complement natural sources of fiber with added fiber options to help meet daily recommendations without increasing calories.
THE FUTURE OF FIBER
To help Americans reap the benefits of adequate fiber in health promotion and disease risk reduction, a 2-pronged approach is needed. First, dietary guidance should continue to encourage Americans to enjoy more fruits, vegetables, and whole grains to ensure that daily intake recommendations are met while emphasizing choices within and among these food groups that provide at least a good source of fiber. Simply meeting daily food group recommendations does not guarantee adequate fiber intake because the amounts of fiber vary widely within these food categories. For example, the 2010 DGA recognizes that whole grains vary in their fiber content and advises using the Nutrition Facts label to compare whole-grain products to find choices that are a good (10%Y19% daily value) or excellent (Q20% daily value) source of fiber.
